Amendment under 37 C.F.R. § 1.116 
Application No. 10/792,218 

AMENDMENTS TO THE CLAIMS 

This listing of claims will replace all prior versions and listings of claims in the 
application: 

LISTING OF CLAIMS: 

1. (currently amended): A directional measuring device that measures a direction of a 
body of the directional measuring device in a three-dimensional space including an X-axis 
indicating magnetic north on a horizontal plane, a Y-axis orthogonal to the X-axis on the 
horizontal plane, and a Z-axis orthogonal to the horizontal plane, assuming that the body points 
towards an x-axis, comprising: 

an x-axis geomagnetic force detector that detects a geomagnetic force along the x-axis; 

an x-axis tilt angle detector that detects an x-axis tilt angle that is an angle between the 
horizontal plane and the x-axis; 

a y-axis geomagnetic force detector that detects a geomagnetic force along a y-axis that is 
orthogonal to the x-axis; 

a z-axis geomagnetic force detector that detects a geomagnetic force along a z-axis that is 
orthogonal to both the x-axis and the y-axis; 

a y-axis tilt angle detector that detector detects a y-axis tilt angle that is angle between the 
horizontal plane and the y-axis; 

a determining unit that determines the x-axis tilt angle as a rotation angle that is an angle 
by which the x-axis needs to be rotated around the Y-axis so as to be in the horizontal plane; 

a rotation angle calculator that calculates a rotation angle based on both the x-axis tilt 
angle and the y-axis tilt angle wherein the rotation angle is an angle by which the y-axis needs to 
be rotated around the X-axis so as to be in the horizontal plane when the x-axis is rotated by the 
x-axis by the x-axis tilt angle around the Y-axis so as to be in the horizontal plane to cause the y- 
axis to rotate following rotation of the x-axis, and 
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an azimuth calculator that calculates an azimuth of the body based on the geomagnetic 
force and the rotation angle wherein 

the azimuth calculator calculates an azimuth of the body based on the geomagnetic forces 
detected by both the y-axis geomagnetic force detector and the z-axis geomagnetic force detector 
and the rotation angle calculated, and the rotation angle calculator calculates the rotation angle 
based on a coordinate expression for rotations three times expressed by an expression 



cos0 sinG 0 
-sinG cosQ 0 
0 0 1 



cosp 0 -sinp 

0 1 0 
sinp 0 cosp 



10 0 
0 cosa sina 
0 -sina cosa 



where & a is a rotation angle around the X-axis, P is an x-axis tilt angle as a rotation angle 
around the Y-axis, and 0 is a rotation angle around the Z-axis as an azimuth of the body. 

2. (canceled). 

3. (previously presented): The directional measuring device according to claim 1, 
wherein the azimuth calculator further comprises: 

a sine calculator that calculates sine of the azimuth of the body based on the geomagnetic 
forces detected by both the y-axis geomagnetic force detector and the z-axis geomagnetic force 
detector and the rotation angle calculated by the rotation angle calculator; 

a cosine calculator that calculates cosine of the azimuth of the body based on the 
geomagnetic force detected by the x-axis geomagnetic force detector and the rotation angle 
determined by the determining unit; and 

an identifying unit that identifies an angular range of the azimuth based on the sine and 
the cosine of the azimuth, 

wherein the azimuth calculator calculates the azimuth based on one among the sine and 
the cosine of the azimuth and a tangent value, and of the angular range identified by the 
identifying unit, the tangent being obtained from the sine and the cosine. 

4. (canceled). 
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5. (original): The directional measuring device according to claim 1, wherein the 
azimuth angle calculator further comprises: 

a dip input unit that receives a dip between a geomagnetic vector at a present position of 
the body and the horizontal plane, wherein 

the azimuth calculator calculates the azimuth based on the dip. 

6. (original): The directional measuring device according to claim 1, wherein the 
azimuth angle calculator further comprises: 

a declination input unit that receives a declination between the magnetic north at a 
present position of the body and the true north, wherein 

the azimuth calculator calculates the azimuth based on the declination. 

7. (currently amended): A directional measuring device that measures a direction of a 
body of the directional measuring device in a three-dimensional space including an X-axis 
indicating magnetic north on a horizontal plane, a Y-axis orthogonal to the X-axis on the 
horizontal plane, and a Z-axis orthogonal to the horizontal plane, assuming that the body points 
towards an x-axis, comprising: 

a y-axis geomagnetic force detector that detects a geomagnetic force along a y-axis that is 
orthogonal to the x-axis; 

a z-axis geomagnetic force detector that detects a geomagnetic force along a z-axis that is 
orthogonal to both the x-axis and the y-axis; 

an x-axis tilt angle detector that detects an x-axis tilt angle that is an angle between the 
horizontal plane and the x-axis; 

a y-axis tilt angle detector that detects a y-axis tilt angle that is angle between the 
horizontal plane and the y-axis; 

a rotation angle calculator that calculates a rotation angle based on both the x-axis tilt 
angle and the y-axis tilt angle, wherein the rotation angle is an angle by which the y-axis needs to 
be rotated around the X-axis so as to be in the horizontal plane when the x-axis is rotated by the 
x-axis tilt angle around the Y-axis so as to be in the horizontal plane to cause the y-axis to rotate 
following rotation of the x-axis; and 
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an azimuth calculator that calculates an azimuth of the body based on the geomagnetic 
forces detected by both the y-axis geomagnetic force detector and the z-axis geomagnetic force 
detector and the rotation angle 

where the rotation angle calculator calculates the rotation angle based on a coordinate 
expression for rotations three times expressed by an expression 



cosG sinG 0 
-sinG cosG 0 
0 0 1 



cos(3 0 -sinp 

0 1 0 
sinp 0 cosp 



1 0 0 
0 cosa sina 
0 -sina cosa 



where a a is a rotation angle around the X-axis, p is an x-axis tilt angle as a rotation angle 
around the Y-axis, and 9 is a rotation angle around the Z-axis as an azimuth of the body. 

8. (canceled). 

9. (original): The directional measuring device according to claim 7, wherein the 
azimuth angle calculator further comprises: 

a dip input unit that receives a dip between a geomagnetic vector at a present position of 
the body and the horizontal plane, wherein 

the azimuth calculator calculates the azimuth based on the dip. 

10. (original): The directional measuring device according to claim 7, wherein the 
azimuth angle calculator further comprises: 

a declination input unit that receives a declination between the magnetic north at a 
present position of the body and the true north, wherein 

the azimuth calculator calculates the azimuth based on the declination. 

11. (currently amended): A directional measuring device that measures a direction of a 
body of the directional measuring device in a three-dimensional space including an X-axis 
indicating magnetic north on a horizontal plane, a Y-axis orthogonal to the X-axis on the 
horizontal plane, and a Z-axis orthogonal to the horizontal plane, assuming that the body points 
towards an x-axis, comprising: 

a first axis g e omagnetic forc e d e t e ctor that d e t e cts a g e omagnetic forc e along a first axis 
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from among th e x axis, a y axio that io orthogonal to the x axis, and a z axis that is orthogonal to 
both th e x axis and th e y axis; 

a second axis geomagnetic forc e det e ctor that det e cts a geomagnetic forc e along a s e cond 
axis oth e r than th e first axis from among th e x axis, the y axis, and th e z axis; 

a y-axis geomagnetic force detector that detects a geomagnetic force along a y-axis that is 
orthogonal to the x-axis; 

a z-axis geomagnetic force detector that detects a geomagnetic force along a z-axis that is 
orthogonal to both the x-axis and the y-axis; 

a y axis tilt angl e d e t e ctor that d e t e cts a y axis tilt angl e that is angl e b e tw e en th e 
horizontal plan e and th e y axis; 

a total geomagnetic force input unit that receives a total geomagnetic force at a present 
position of the body, wherein the total geomagnetic force is a vector addition of geomagnetic 
forces along the X-axis, the Y-axis, and the Z-axis; 

a geomagnetic force calculator that calculates a geomagnetic force along an axis other 
than the first axis and th e s e cond axis, from among the x-axis , th e y axis, and th e z axis based on 
the total geomagnetic force and the geomagnetic forces along both the fifst ^axis and the s e cond 
z>axis; 

an x-axis tilt angle detector that detects an x-axis tilt angle that is an angle between the 
horizontal plane and the x-axis; 

a v-axis tilt angle detector that detects a v-axis tilt angle that is angle between the 
horizontal plane and the v-axis; 

a determining unit that determines the x-axis tilt angle as a rotation angle that is an angle 
by which the x-axis needs to be rotated around the Y-axis so as to be in the horizontal plane; 

a rotation angle calculator that calculates a rotation angle based on both the x-axis tilt 
angle and the y-axis tilt angle, wherein the rotation angle is an angle by which the y-axis needs to 
be rotated around the X-axis so as to be in the horizontal plane when the x-axis is rotated by the 
x-axis tilt angle around the Y-axis so as to be in the horizontal plane to cause the y-axis to rotate 
following rotation of the x-axis and 

an azimuth calculator that calculates an azimuth of the body based on the geomagnetic 
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force along the x-axis and the rotation angle wherein 

the azimuth calculator calculates an azimuth of the body based on the geomagnetic forces 
detected by both the y-axis geomagnetic force detector and the z-axis geomagnetic force detector 
and the rotation angle calculated, and the rotation angle calculator calculates the rotation angle 
based on a coordinate expression for rotations three times expressed by an expression 



cos0 sinG 0 
-sin0 cosG 0 
0 0 1 



cos(3 0 -sin(3 

0 1 0 
sinp 0 cos(3 



1 0 0 
0 cosa sina 
0 -sina cosa 



where a a is a rotation angle around the X-axis, p is an x-axis tilt angle as a rotation angle 
around the Y-axis, and 0 is a rotation angle around the Z- axis as an azimuth of the body. 

12. (currently amended): A directional measuring device that measures a direction of a 
body of the directional measuring device in a three-dimensional space including an X-axis 
indicating magnetic north on a horizontal plane, a Y-axis orthogonal to the X-axis on the 
horizontal plane, and a Z-axis orthogonal to the horizontal plane, assuming that the body points 
towards an x-axis, comprising: 

a first-axis geomagnetic force detector that detects a geomagnetic force along a first axis 
from among the x-axis, a y-axis that is orthogonal to the x-axis, and a z-axis that is orthogonal to 
both the x-axis and the y-axis; 

a second-axis geomagnetic force detector that detects a geomagnetic force along a second 
axis other than the first axis from among the x-axis, the y-axis, and the z-axis; 

a total geomagnetic force input unit that receives a total geomagnetic force at a present 
position of the body, wherein the total geomagnetic force is a vector addition of geomagnetic 
forces along the X-axis, the Y-axis, and the Z-axis; 

a geomagnetic force calculator that calculates a geomagnetic force along an axis other 
than the first axis and the second axis, from among the x-axis, the y-axis, and the z-axis based on 
the total geomagnetic force and the geomagnetic forces along both the first axis and the second 
axis; 

an x-axis tilt angle detector that detects an x-axis tilt angle that is an angle between the 
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horizontal plane and the x-axis; 

a y-axis tilt angle detector that detects a y-axis tilt angle that is an angle between the 
horizontal plane and the y-axis; 

a rotation angle calculator that calculates a rotation angle based on both the x-axis tilt 
angle and the y-axis tilt angle, wherein the rotation angle is an angle by which the y-axis needs to 
be rotated around the X-axis so as to be in the horizontal plane when the x-axis is rotated by the 
x-axis tilt angle around the Y-axis so as to be in the horizontal plane to cause the y-axis to rotate 
following rotation of the x-axis; and 

an azimuth calculator that calculates an azimuth of the body based on the geomagnetic 
forces along the y-axis and the z-axis and the rotation angler 

wherein the rotation angle calculator calculates the rotation angle based on a coordinate 
expression for rotations three times expressed by an expression 



cosG sinG 0 
-sinG cosG 0 
0 0 1 



10 0 
0 cosa sina 
0 -sina cosa 



cos(3 0 -sinp 

0 1 0 
sinp 0 cos(3 

where 6 a is a rotation angle around the X-axis, p is an x-axis tilt angle as a rotation angle 
around the Y-axis, and 0 is a rotation angle around the Z-axis as an azimuth of the body. 

13. (currently amended): A directional measuring method of measuring a direction of a 
body of the directional measuring device in a three-dimensional space including an X-axis 
indicating magnetic north on a horizontal plane, a Y-axis orthogonal to the X-axis on the 
horizontal plane, and a Z-axis orthogonal to the horizontal plane, assuming that the body points 
towards an x-axis, comprising: 

detecting a geomagnetic force along the x-axis; 

detecting an x-axis tilt angle that is an angle between the horizontal plane and the x-axis; 

detecting a geomagnetic force along a y-axis is orthogonal to the x-axis; 

detecting a geomagnetic force along a z-axis that is orthogonal to both the x-axis and the 

y-axis' 

detecting a y-axis tilt angle that is angle between the horizontal plane and the y-axis; 
determining the x-axis tilt angle as a rotation angle that is an angle by which the x-axis 
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needs to be rotated around the Y-axis so as to be in the horizontal plane; 

calculating a rotation angle based on both the x-axis tilt angle and the y-axis tilt angle, 
wherein the rotation angle is an angle by which the y-axis needs to be rotated around the X-axis 
so as to be in the horizontal plane when the x-axis is rotated by the x-axis tilt around the Y-axis 
so as to be in the horizontal plane to cause the y-axis to rotate following rotation to the x-axis 
and 

calculating an azimuth of the body based on the geomagnetic force and the rotation angle, 
wherein 

the step of calculating the azimuth includes calculating the azimuth of the body based on 
the geomagnetic forces along both the y-axis and the z-axis and the rotation angle calculated, and 
the calculating the rotation angle includes calculating the rotation angle based on a coordinate 
expression for rotations three times expressed by an expression 



cos0 sin0 0 
-sin0 cos0 0 
0 0 1 



cosp 0 -sin(3 

0 1 0 
sinp 0 cosp 



10 0 
0 cosa sina 
0 -sina cosa 



where a a is a rotation angle around the X-axis, P is an x-axis tilt angle as a rotation angle 
around the Y-axis, and 0 is a rotation angle around the Z-axis as an azimuth of the body. 

14. (canceled). 

15. (previously presented): The directional measuring method according to claim 13, 
wherein the calculating the azimuth includes: 

calculating sine of the azimuth of the body based on the geomagnetic forces along both 
the y-axis and the z-axis and the rotation angle calculated; 

calculating cosine of the azimuth of the body based on the geomagnetic force along the x- 
axis and the rotation angle determined; 

identifying an angular range of the azimuth based on the sine and the cosine of the 
azimuth; and 

calculating the azimuth based on one among the sine and the cosine of the azimuth and 
tangent, and the angular range of the azimuth identified, the tangent being obtained from the sine 
and the cosine. 



9 



Amendment under 37 C.F.R. § 1.1 16 
Application No. 10/792,218 

16. (canceled). 

17. (original): The directional measuring method according to claim 13, wherein the 
step of calculating the azimuth angle includes: 

receiving a dip between a geomagnetic vector at a present position of the body and the 
horizontal plane, wherein 

the calculating the azimuth includes calculating the azimuth based on the dip. 

18. (currently amended): The directional measuring method according to claim 13, 
wherein the step of calculating the azimuth angle includes: 

receiving a declination between the magnetic north at a present position of the body and 
the true north, wherein 

the calculating the azimuth includes calculating the azimuth based on the declination. 

19. (currently amended): A directional measuring method of measuring a direction of a 
body of the directional measuring device in a three-dimensional space including an X-axis 
indicating magnetic north on a horizontal plane, a Y-axis orthogonal to the X-axis on the 
horizontal plane, and a Z-axis orthogonal to the horizontal plane, assuming that the body points 
towards an x-axis, comprising: 

detecting a geomagnetic force along a y-axis that is orthogonal to the x-axis; 

detecting a geomagnetic force along a z-axis that is orthogonal to both the x-axis and the 

y-axis; 

detecting an x-axis tilt angle that is an angle between the horizontal plane and the x-axis; 

detecting a y-axis tilt angle that is angle between the horizontal plane and the y-axis; 

calculating a rotation angle based on both the x-axis tilt angle and the y-axis tilt angle, 
wherein the rotation angle is an angle by which the y-axis needs to be rotated around the X-axis 
so as to be in the horizontal plane when the x-axis is rotated by the x-axis tilt angle around the Y- 
axis so as to be in the horizontal plane to cause the y-axis to rotate following rotation of the x- 
axis; and 

calculating an azimuth of the body based on the geomagnetic forces detected along both 
the y-axis and the z-axis and the rotation angle wherein 

the step of calculating the rotation angle includes calculating the rotation angle, based on 
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a coordinate expression for rotations three times expressed by an expression 



cos0 sin0 0 
-sin0 cosG 0 
0 0 1 



1 0 0 
0 cosa sina 
0 -sina cosa 



cosp 0 -sin(3 

0 1 0 
sinp 0 cosp 

where et a is a rotation angle around the X-axis , p is an x-axis tilt angle as a rotation 
angle around the Y-axis, and 0 is a rotation angle around the Z-axis as an azimuth of the body. 

20. (canceled). 

21. (previously presented): The directional measuring method according to claim 19, 
wherein the step of calculating the azimuth angle includes: 

receiving a dip between a geomagnetic vector at a present position of the body and the 
horizontal plane, wherein 

the calculating the azimuth includes calculating the azimuth based on the dip. 

22. (previously presented): The directional measuring method according to claim 19, 
wherein the step of calculating the azimuth angle includes: 

receiving a declination between the magnetic north at a present position of the body and 
the true north, wherein 

the calculating the azimuth includes calculating the azimuth based on the declination. 

23. (currently amended): A directional measuring method of measuring a direction of a 
body of the directional measuring device in a three-dimensional space including an X-axis 
indicating magnetic north on a horizontal plane, a Y-axis orthogonal to the X-axis on the 
horizontal plane, and a Z-axis orthogonal to the horizontal plane, assuming that the body points 
towards an x-axis, comprising: 

d e t e cting a g e omagn e tic forc e along a first axis from among th e x axis, a y axis that is 
orthogonal to th e x axis, and a z axis that is orthogonal to both th e x axis and the y axis; 

d e t e cting a g e omagn e tic forc e along a s e cond axis oth e r than th e first axis from among 
th e x axis, the y axis, and th e z axis; 

detecting a geomagnetic force along a y-axis that is orthogonal to the x-axis; 

detecting a geomagnetic force along a z-axis that is orthogonal to both the x-axis and the 
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y-axis; 

detecting a y axis tilt angl e that is angle b e tw ee n th e horizontal plan e and th e y axis: 
receiving a total geomagnetic force at a present position of the body, wherein the total 

geomagnetic force is a vector addition of geomagnetic forces along the X-axis, the Y-axis, and 

the Z-axis; 

calculating a geomagnetic force along an axis oth e r than th e first axis and th e s e cond 
axis, from among the x-axis , th e y axis, and th e z axis based on the total geomagnetic force and 
the geomagnetic forces along both the first y-axis and the s e cond z-axis; 

detecting an x-axis tilt angle that is an angle between the horizontal plane and the x-axis; 

detecting a v-axis tilt angle that is angle between the horizontal plane and the v-axis; 

determining the x-axis tilt angle as a rotation angle that is an angle by which the x-axis 
needs to be rotated around the Y-axis so as to be in the horizontal plane; 

calculating a rotation angle based on both the x-axis tilt angle and the y-axis tilt angle, 
wherein the rotation angle is an angle by which the y-axis needs to be rotated around the X-axis 
so as to be in the horizontal plane when the x-axis is rotated by the x-axis tilt angle around the Y- 
axis so as to be in the horizontal plane to cause the y-axis to rotate following rotation of the axis: 
and 

calculating an azimuth of the body based on the geomagnetic force along the x-axis and 
the rotation angle wherein 

the azimuth calculating step includes calculating an azimuth of the body based on the 
geomagnetic forces along both the y-axis and the z-axis and the rotation angle calculated, and the 
calculating the rotation angle step includes calculating the rotation angle based on a coordinate 
expression for rotations three times expressed by an expression 



cosG sin0 0* 
-sinG cosG 0 
0 0 1 



10 0 
0 cosa sina 
0 -sina cosa 



cosp 0 -sinp 

0 1 0 
sinp 0 cosp 

where €t a_is a rotation angle around the X-axis , p is an x-axis tilt angle as a rotation 
angle around the Y-axis, and 0 is a rotation angle around the Z-axis as an azimuth of the body. 

24. (currently amended): A directional measuring method of measuring a direction of a 
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body of the directional measuring device in a three-dimensional space including an X-axis 
indicating magnetic north on a horizontal plane, a Y-axis orthogonal to the X-axis on the 
horizontal plane, and a Z-axis orthogonal to the horizontal plane, assuming that the body points 
towards an x-axis, comprising: 

detecting a geomagnetic force along a first axis from among the x-axis, a y-axis that is 
orthogonal to the x-axis, and a z-axis that is orthogonal to both the x-axis and the y-axis; 

detecting a geomagnetic force along a second axis other than the first axis from among 
the x-axis, the y-axis, and the z-axis; 

receiving a total geomagnetic force at a present position of the body, wherein the total 
geomagnetic force is a vector addition of geomagnetic forces along the X-axis, the Y-axis, and 
the Z-axis; 

calculating a geomagnetic force along an axis other than the first axis and the second 
axis, from among the x-axis, the y-axis, and the z-axis based on the total geomagnetic force and 
the geomagnetic forces along both the first axis and the second axis; 

detecting an x-axis tilt angle that is an angle between the horizontal plane and the x-axis; 

detecting a y-axis tilt angle that is an angle between the horizontal plane and the y-axis; 

calculating a rotation angle based on both the x-axis tilt angle and the y-axis tilt angle, 
wherein the rotation angle is an angle by which the y-axis needs to be rotated around the X-axis 
so as to be in the horizontal plane when the x-axis is rotated by the x-axis tilt angle around the Y- 
axis so as to be in the horizontal plane to cause the y-axis to rotate following rotation of the x- 
axis; and 

calculating an azimuth of the body based on the geomagnetic forces along the y-axis and 
the z-axis and the rotation angle wherein 

the rotation angle calculating step includes calculating the rotation angle based on a 
coordinate expression for rotations three times expressed by an expression 



cosG sin0 0 
-sine cos6 0 
0 0 1 



10 0 
0 cosa sina 
0 -sina cosa 



cosp 0 -sinp 

0 1 0 
sinp 0 cos|3 

where et a is a rotation angle around the X-axis , p is an x-axis tilt angle as a rotation 
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angle around the Y-axis, and 9 is a rotation angle around the Z-axis as an azimuth of the body. s 



25. (currently amended): A computer program that realizes on a computer a directional 
measuring method of measuring a direction of a body of the directional measuring device in a 
three-dimensional space including an X-axis indicating magnetic north on a horizontal plane, a 
Y-axis orthogonal to the X-axis on the horizontal plane, and a Z-axis orthogonal to the horizontal 
plane, assuming that the body points towards an x-axis, the computer program making the 
computer execute: 

detecting a geomagnetic force along the x-axis; 

detecting an x-axis tilt angle that is an angle between the horizontal plane and the x-axis; 

detecting a geomagnetic force along a y-axis that is orthogonal to the x-axis; 

detecting a geomagnetic force along a z-axis that is orthogonal to both the x-axis and the 

y-axis; 

determining the x-axis tilt angle as a rotation angle that is an angle by which the x-axis 
needs to be rotated around the Y-axis so as to be in the horizontal plane; 

calculating a rotation angle based on both the x-axis tilt angle and the y-axis tilt angle, 
wherein the rotation angle is an angle by which the y-axis needs to be rotated around the X-axis 
so as to be in the horizontal plane when the x-axis is rotated by the x-axis tilt angle around the Y- 
axis so as to be in the horizontal plane to cause the y-axis to rotate following rotation of the x- 
axis and 

calculating an azimuth of the body based on the geomagnetic force and the rotation angler 
wherein 

the calculating the azimuth step includes calculating the azimuth of the body based on the 
geomagnetic forces along both the y-axis and the z-axis and the rotation angle calculated, and the 
calculating the rotation angle step includes calculating the rotation angle based on a coordinate 
expression for rotations three times expressed by an expression 



cos0 sin0 0 
-sinG cos8 0 
0 0 1 



cosp 0 -sin(3 

0 1 0 
sin(3 0 cos(3 



1 0 0 
0 cosa sina 
0 -sina cosa 
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where et a is a rotation angle around the X-axis , P is an x-axis tilt angle as a rotation 
angle around the Y-axis, and 8 is a rotation angle around the Z-axis as an azimuth of the body. 

26. (currently amended): A computer program that realizes on a computer a directional 
measuring method of measuring a direction of a body of the directional measuring device in a 
three-dimensional space including an X-axis indicating magnetic north on a horizontal plane, a 
Y-axis orthogonal to the X-axis on the horizontal plane, and a Z-axis orthogonal to the horizontal 
plane, assuming that the body points towards an x-axis, the computer program making the 
computer execute: 

detecting a geomagnetic force along a y-axis that is orthogonal to the x-axis; 

detecting a geomagnetic force along a z-axis that is orthogonal to both the x-axis and the 

y-axis; 

detecting an x-axis tilt angle that is an angle between the horizontal plane and the x-axis; 

detecting a y-axis tilt angle that is angle between the horizontal plane and the y-axis; 

calculating a rotation angle based on both the x-axis tilt angle and the y-axis tilt angle, 
wherein the rotation angle is an angle by which the y-axis needs to be rotated around the X-axis 
so as to be in the horizontal plane when the x-axis is rotated by the x-axis tilt angle around the Y- 
axis so as to be in the horizontal plane to cause the y-axis to rotate following rotation of the x- 
axis; and 

calculating an azimuth of the body based on the geomagnetic forces detected along both 
the y-axis and the z-axis and the rotation angle wherein 

the calculating the rotation angle step includes calculating the rotation angle based on a 
coordinate expression for rotations three times expressed by an expression 



cos9 sin0 0 
-sinG cos0 0 
0 0 1 



10 0 
0 cosa sina 
0 -sina cosa 



cosp 0 -sinp 

0 1 0 
sinp 0 cosp 

where et a is a rotation angle around the X-axis , P is an x-axis tilt angle as a rotation 
angle around the Y-axis, and 9 is a rotation angle around the Z-axis as an azimuth of the body. 

27. (currently amended): A computer program product that records a computer program 
for realizing on a computer a directional measuring method of measuring a direction of a body of 
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the directional measuring device in a three-dimensional space including an X-axis indicating 
magnetic north on a horizontal plane, a Y-axis orthogonal to the X-axis on the horizontal plane, 
and a Z-axis orthogonal to the horizontal plane, assuming that the body points towards an x-axis, 
the computer program making the computer execute: 

detecting a g e omagn e tic forc e along a first axis from among th e x axis, a y axis that is 
orthogonal to the x axis, and a z axis that is orthogonal to both th e x axis and the y axis; 

detecting a g e omagnetic forc e along a s e cond axis oth e r than th e first axis from among 
th e x axis, th e y axis, and th e z axis; 

detecting a geomagnetic force along a y-axis that is orthogonal to the x-axis; 

detecting a geomagnetic force along a z-axis that is orthogonal to both the x-axis and the 

y-axis; 

d e t e cting a y axis tilt angl e that is angl e b e tw ee n th e horizontal plan e and th e y axis; 

receiving a total geomagnetic force at a present position of the body, wherein the total 
geomagnetic force is a vector addition of geomagnetic forces along the X-axis, the Y-axis, and 
the Z-axis; 

calculating a geomagnetic force along an axis other than th e first axis and th e s e cond 
axis, from among the x-axis , th e y axis, and th e z axis based on the total geomagnetic force and 
the geomagnetic forces along both the fifst ^axis and the s e cond ^axis; 

detecting a y-axis tilt angle that is angle between the horizontal plane and the y-axis; 

determining the x-axis tilt angle as a rotation angle that is an angle by which the x-axis 
needs to be rotated around the Y-axis so as to be in the horizontal plane; 

calculating a rotation angle based on both the x-axis tilt angle and the y-axis tilt angle, 
wherein the rotation angle is an angle by which the y-axis needs to be rotated around the X-axis 
so as to be in the horizontal plane to cause the y-axis to rotate following rotation of the x-axis; 
and 

calculating an azimuth of the body based on the geomagnetic force along the x-axis and 
the rotation angle wherein 

the azimuth calculating step includes calculating an azimuth of the body based on the 
geomagnetic forces along both the y-axis and the z-axis and the rotation angle calculated, and the 
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calculating the rotation angle step includes calculating the rotation angle based on a coordinate 
expression for rotations three times expressed by an expression 



cos0 sin0 0 
-sin0 cos0 0 
0 0 1 



10 0 
0 cosa sina 
0 -sina cosa 



cosp 0 -sinp 

0 1 0 
sinp 0 cosp 

where a a is a rotation angle around the X-axis , P is an x-axis tilt angle as a rotation 
angle around the Y-axis, and 6 is a rotation angle around the Z-axis as an azimuth of the body. 

28. (currently amended): A computer program product that records a computer program 
for realizing on a computer a directional measuring method of measuring a direction of a body of 
the directional measuring device in a three-dimensional space including an X-axis indicating 
magnetic north on a horizontal plane, a Y-axis orthogonal to the X-axis on the horizontal plane, 
and a Z-axis orthogonal to the horizontal plane, assuming that the body points towards an x-axis, 
the computer program making the computer execute: 

detecting a geomagnetic force along a first axis from among the x-axis, a y-axis that is 
orthogonal to the x-axis, and a z-axis that is orthogonal to both the x-axis and the y-axis; 

detecting a geomagnetic force along a second axis other than the first axis from among 
the x-axis, the y-axis, and the z-axis; 

receiving a total geomagnetic force at a present position of the body, wherein the total 
geomagnetic force is a vector addition of geomagnetic forces along the X-axis, the Y-axis, and 
the Z-axis; 

calculating a geomagnetic force along an axis other than the first axis and the second 
axis, from among the x-axis, the y-axis, and the z-axis based on the total geomagnetic force and 
the geomagnetic forces along both the first axis and the second axis; 

detecting an x-axis tilt angle that is an angle between the horizontal plane and the x-axis; 

detecting a y-axis tilt angle that is an angle between the horizontal plane and the y-axis; 

calculating a rotation angle based on both the x-axis tilt angle and the y-axis tilt angle, 
wherein the rotation angle is an angle by which the y-axis needs to be rotated around the X-axis 
so as to be in the horizontal plane when the x-axis is rotated by the x-axis tilt angle around the Y- 
axis so as to be in the horizontal plane to cause the y-axis to rotate following rotation of the x- 
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axis; and 

calculating an azimuth of the body based on the geomagnetic forces along the y-axis and 
the z-axis and the rotation angler wherein 

the rotation angle calculating step includes calculating the rotation angle based on a 
coordinate expression for rotations three time expressed by an expression 



cosG sinG 0 
-sinG cos0 0 
0 0 1 



cosp 0 -sinp 

0 1 0 
sinp 0 cosp 

where & a is a rotation angle around the X-axis , p is an x-axis tilt angle as a rotation 
angle around the Y-axis, and G is a rotation angle around the Z-axis as an azimuth of the body. 



10 0 
0 cosa sina 
0 -sina cosa 
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